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ALLERGIC REACTIONS 

(57) Abstract . 
„ion„ 

a protein having the entire amino add sequence of ^ constant CH2 CH, dorn ^ or more heterolo gous earner pro- 

structiirally stable unit of said amino acid sequence, the _prote £ .°^™ a i „ n ^ thou t adjuvant, to raise the concentrat.cn of en- 
Zs, and optionally containing an 'f^^^SS^S^t ^tcdne can be used against all types of IgE-med, 
doaenous anti-IgE antibodies in the plasma of allergy subjerts In P r ^.ce ^ ^ reduce the tot t Ig E 

ated allergies since the antibodies are not dependen ^ 

pool of the subject. Therefore, the vaccine » aimed at bemj ^ us ^ J^jjj^^ J antigen - S pecific IgE, which thereby strong- 
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„ acclne cc^n, p-t or constant ^ of I* f« t»t-nt 

of iqE-mediated allergic reactions. 
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human use. 

TtonVf rrnund " f invention 

hum an plasma (XO-400 ng/ml), a ma^or cause of ^ Wgh . 

the human population. This property » due to >u mteracfcon 
for V on mast cells and basophil leucoc^ 

dins and thromboxanes. It is these m oropnsitivity) Disease conditions 

of igE-mediated aUergic reactions (Type I ^T^^ pU» *~ 
belonging to this group include most types of asthma far allerg. 

tKp hiph-affinity receptor for lg& Has Deen max 

The nign amm^ r ^ Shimizu et al. 1988, 

I complex of three different subunits, the so-ca«e< and, ' 
ch^l^-^-^^^^^L of the I* 

^ between the IgE molecule and its ^« ^ ibit the interaction 

This peptide has been shown, lavffia to 
hetween nale IgE and its high-affinit, receptor m a molar rat,o of nearly 
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also been shown to be able to mbto ° ^ „ about 10 toes the 

al.,1989)- certain regions of the epsilon • 

When the IgE molecule binds to its re ^ tor ^fes 

IgE antibody may only bind to ^^^^ receptor and thus never to both of these 
CH3 region of the IgE molecule or to the recep ^ ^ 

denies simultaneous* ^J^^Jthe ones mentioned 
directly interacting ri« *. IgE molecules which are bound to the 

previously, give rise to cross-hnkmg of to IgE ^ rf ^ 

and an anaphylactic shoot in the ^ * tbe con trary, not 

The antibodies bindingto the receptorWnm^ ^ ^ ^ 

be able to 

any longer in the plasma of the subject. permane ntly knock out 

Tbese anti-IgE antibodies wul ^ J ^ ^ a 

tbe ^producing B-cell "sis. Bulg periods of potent 

mor e long-lasting suppress* of tbe J* ^ d comp i etely eliminate the pool 

of IgE which is the cause » of ^ ^.^e Ejects have a 

subjects. A number of antibodies which are believed 
relativelyhighconcentrationofendogenousantilg 

to have a similar aUergy-inhibitmg effect. ^ ^ ^ ^ ^ 
P revented - The Prior Art 
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w peptides or other molecules with the ability to ibind to the IgE receptor and 
short peptides or 01 these substances are 

thereby prevent binding of antigen-specific IgE. lnen, in 

Z 1 Id covalendy and Hock other structurally similar molecuUs m he 

sets. — , r: r^rrr.".-. 

IgE receptors on mast cells and basophilic leukocytes. 

concentration of pollen, ine P conce ntrations of new 

u , will relatively soon occur even against said monoclones. This will 
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, f ™ti« since the monoclonals still have the 
complications by term* • complex ayoid these 

Ito^^^^^^.^U. panel of 1—sed 

^^fSD, Stanworthhas worked according* a strategy 
A research group led by Ur Man proMm for 

^^--^-T^S^J- W hhn, they have 
immunizatton in rabbit or rat. In the exp ^ ^ 

antigenehasheen injected, ^chshowst^ etectablebyoneottneI n„st 
non .spedes-specificpeptide, 1 ssoweakthat 1 t>sno ^ ^ 

peptides from a regxon which xs clearly ^ 

Object of the Invention ^ 

sym ptoms or the induction of IgE-mefcate '"^n^o^ 

IgE .d thereby will prevent %^Z^ — "~ d * ** 

receptors, whereby the release of the allergy 
mast cells will be prevented. 
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• • .than 12 amino acids, in its original or in a mutated or 

sequence contammg more than 12 ammo ^ ^ 

mnltimerized form, the protein optaonally being coupi 

^rrier proteins, and b y op— ^ « of the vacdne 

The invention also relates to a process for the preparatory ,of 

rri— allergic — in the mammal species in ^on. 

Brief Description of the Drawings 

10 In the enclosed drawings the following is shown: 

Fi , la and » show.the antibody "^T^S^ 
antibodies) in a panel of four different rat stramsby EUSA me 

• » „ ti „ rat-IeE and aga nst human Igfc (as connrnj. 
antibody titers agamst naOve rat IgE J inflam matory reaction in 

anti-IgE antiserum. 

Description of the Invention 

The statement that the amino acid sequence (the entire 

VZ *,r,t PH2 CH3 domains is present in "mutated form means 
^eof) of the — ^2 CH3 d ^ ^ ^ ^ ^ „ 

Rv "heavily" mutated form is meant that the excnange, 
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* <? for immunization against, ig^ 

reactionsmthatthevaccmeofthemvent 

response against the body's own IgE. ^ ^ ^ response 

todies »^^"^SL^P^^-«- Wta « 

B Ustthebody'sownlgE.smce*, fc S ^^^eaB, In orfer to 
tolerant since birth and thusdoesnotrea^ ^ ^ ^ 

solve this problem tbere is ^ in a uniae way can soive the 

„e system tbat is scarce* , known bnt wb ^ project , By 

problems that, with great probabkty, Mn . specie , specifi c protein the 

toleranceoftbe— population which normally would have 

directly to the carrier protein. 
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containing a carrier molecule coupled to the enure CH2 _ 
^Tne^^^^^ 

stro ng — response is probably because tbe — uses larger repo 

a relatively weak immune response U obtamed against >rr 
region of the native protein. 
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si" »»* - •> ■■•»-"- - 1 -r 

concept compared to the peptide approaches previously described. 

The antibody response against peptides often has a low or no affim* £ 
the corresponding amino add region of the native protein wmch mean that the 

£££ brings about a decisive difference compared to P rev,ous approaches » 

^ByusmgomytheCHS-CHSregion^^ 

Inonse builds up and therefore the probability that only one of these 
^une response bund up ^ ^ ^ ^ ^ 
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antigen) or from animals having been immunized with human IgG. This indicates 
antigen>or 0 „ nn detectable negative effects of this immunization 

that in test animals there are no detectable nega . 
cven if the animals have very high anti-IgE titers. Thereby it ,s the first time that 
ithas been shown that one can obtain high anti-IgE titers against *P™^ 
6 IgE. Further, these rats do not show any detectable negative effects of the 

beused, with no complications, to treat humans. Furthermore, these data rongly 
indicates that the IgE recepto,bound IgE pool in these rats is ^ 

are able to bind to the previously mentioned outer regions of the CH2 and CH3 
domains should be induced, even if the antibody titer is relatively low for such 
antibodies. This is because the mast cells are very sensitive even to very low 
concentrations of cross-linking antibodies. In preliminary * 
shown that, ;u P on immunization, the animals in which high ^ """^ 
have a very strongly reduced tendency to release their mast cell granula following 
, ZILZ with anti-IgE antibodies (Example 8 : Figure 2). The inventor is 
Irently performing a much larger study involving the treafcnent o rats wruch 
have been made strongly allergic against hen ovalbumin. The results from the 
tests on rats so far performed are very promising from severa ^ ^ Z 
they show that a strong immun response is obtained which has no detectab e 
negative effects and finally that a strongly reduced granula release is obtained 
npon addition of a polyclonal activator in these rats. 

A vaccine of this type may be faced with certain difficult^. One facto 
strongly affecting the possibilities is the concentration of the substance which it 
is desirable to remove from the body. High concentrations in this case mean 
greater difficulties. If in this context any of the other immunoglobulin isotype 
Tad been selected, the problem should have been even greater because of the 
generally much higher plasma concentrations of these antibodies 

Because of its low plasma levels in this context IgE is ideal. The plasma 
ievels in a normal population of non-allergic subjects are from 10 * 400 ng/mt 
This amount corresponds to less than 0.01% of the total immunoglobulm amoun 
in „ur blood. These levels are often somewhat increased in allergic subjects but 
very seldom exceeds 5 ug/ml. As a comparison some tests performed in mouse can 
hTLntioned here where, by using antibodies directed agamst one of the light 
chains of the immunoglobulins, animals have been obtained which almost com- 
pletely lack this type of immunglobulins. In these tests, by injecting monoclonal 
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t0 a bout 95% of the tota! nnmunog obuh - - ^ ^ 

(Weiss et al., 1984). The remauun *° 0b °" ^ only about 5% ). This 

case T-cells are used directed agamst T*" If the vaccination 

lister— ^ 

Sl °t ydeCT TcHrCHa^ rtheverysan^ecarriern.o^ethatisused 
not booster with CH2-Orid coupi detailed 

^odona! antibodies directed gainst vaccine 
The coupled protein used as major »^° f J t ways . 0ne 

solves the product.cn J vnarJ&aB hosts normally the bacteri- 

in procaryotic or ^^'f^^^ systems such as yeast 
um Eschjrichiacoli is used, «Uta a be derive d 

ceUs or eeUhnes c^he usedas e = ^h eel ^ ^ ^ 

30 frominsects » human — contamination by human virus in the 

dinical use since there » a!ways a nskof co rf ^ 

carrier protein and the active sp mnlecu i e Then, the proteins are 

c PTT9-CH3 region of the IgE molecule. r 
or part of the CH2-U±w regi d m immunizations 

35 J^^-^^J-ZZZZX-* naptens « 
with synthetic peptides as well as in immumz 
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substances which are not proteins) and is based on chemica! activation of the 
:l protein with e., CNBr and then mixing of the actuated .rner .th h 
peptide or the protein fragment which one wishes to couple together. These two 
are then coupled covalently to each other. „ . •„ 

6 The immunization is performed by mixing soluble or aggregated ^ » 

vacd newith a ni m muneres P onsepotentiatingsubstance(ad3Uvant)wh 1 ch l sthen 

— eously, intraperitoneal* or intramuscularly The ra« eofcr 

In these tests use has been made of amounts of about 100 ug of antrgen per rat 
10 ^—tion occasion and with these concentrations very 

responses have been obtained in a panel of different rat strarns (Frgure » In 

Alum, or, as an alternative, injections of larger amounts of aggregated 
"1 protein with no addition of adjuvant. The aggregated fusron proton, ,s 
intended to increase the iramunogenicity of the protein. 

Further, in humans probably considerably larger amount of the anUgen 
wiUbe used, possiblyin the order of 100-500 mg of pure protem. From a teetotal 
poLTof view this does not involve any greater problems since * .s possAle to 

protein variants in small-scale production for the human vaccne as wel! as or 
£Z2*» However, the analysis of the human vaccine waits for the result 
iarge study which is presently being undertaken in different rat 
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Repeated injections are initially made with about 3 weeks interval rn order 
to obta^n a trong immune response. Thereafter, it will probably be necessary to 
1 — ations only a few weeks prior to each pollen penod for a 
'pit allergic subject, in order to activate the previous immune response and 
strongly amplify this response before the new high-risk penod. 

Fu^er by using a number of heterologous carrier molecules, to winch 
necies specific proteins or protein fragments have been coupled, the percentage 
ZZ o itS^ increase. These will give help to B-cells which produce 
Tbl Lei against, as in this case, the CH2-CH3 region of the — n 
^ molecule By this refinement of the immunization protocol one expects to be 
S^a se the amounts of antigen that need to be used 

while retaining the immunization effect. This latter approach Wl not be of 
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d ° BS ' be beiow by the foUowing specific 

10 working examples. 

PVrflTtiple 1 

Production of a fusion protein preparation of the CH3-CH3 
region of the epsilon chain of IgE from humans and rat 

la this EsampU use has been made of a system .here the species-specific 

\ tril containing the vector into which the desired fragment has 

this new bacteruun, conta g ^ js 

been Ugated, - *W*d » « added ^ 1Q0 ^ ^ the 

srsstri- — - * ^ *. 
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bacteria are harvested by centrifugation and the cell pellet is washed 3 times in 
PBS Following washing the cells are suspended in PBS + 1% Triton X-100 och are 
sonicated for 5x15 seconds in order to break the cell walls of t^terxa to 
release the protein from the cells. It has been shown that in case of both he rat 

5 and the human CH2-CH3 fusion proteins, the protein precipitates intracellular* 
as crystals and therefore has to be solubilized by means of a solution containing 
8 M urea Then, the human protein can be dialysed against pure PBS and become 
completely soluble. At present there is work going on to obtain a protocol for 
large-scale purification to a purity of almost 100% for the human fusion protexr, 
10 However, the CH2-CH3 fusion protein of the rat is more insoluble and most of the 
protein precipitates already after dialysis for half an hour to an hour. In the 
following Examples use has been made of a fusion protein preparation of the rat 
CH2-CH3 having a purity of about 50%. These preparations have been used to 
study the possibility of obtaining a strong antibody response against the rat's own 

15 IgE and to study the possibilities of blocking a strong IgE-mediated inflammatory 
reaction in rat. The remaining 50% of the protein in the preparation consists of 
different contaminating bacterial proteins, whereby a single protein is no more 
than 10% of the total protein. 
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F-gam ple 2 

Immunization of rat - measurement of immune response 

Immunization or vaccination is performed by means of the fusion protein 
preparation from Example 1 in admixture with an immune response potentiating 
substance (adjuvant) to form a vaccine. The rats having been studied have been 
injected with the vaccine subcutaneously or intraperitoneal* with a mixture of 
soluble and aggregated protein. In these tests use has been made of amounts of 
about 100 ug of antigen per rat in 0.2 ml of Freund's complete adjuvant and 
incomplete adjuvant, respectively, per immunization occasion and rat. With these 
concentrations and adjuvants very strong immune responses have been obtained 
in a panel of different rat strains. 

In Figure la and b there is shown a test with four different rat strains and 
three rats per strain. The antibody titers against native IgE have been measured 
bv means of ELISA. This assay has been performed in such a way that native IgE 
in coating buffer (5 ug/ml) has been used for coating of the ELISA plates. 
Successive dilutions (1/5) of rat serum from the different test animals have then 
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been tested for colour reaction in the ELISA. The absorbs values at 400nm 
are depicted on the Y-a.es in Figure 1 and the different 1/6 duufons, wrth 
increasing dilutions to the right in the Figure, are depicted on the X-ases^ 

The four different rat strains (Lewis, Sprague Dawley, Wistar and Brown 
5 Norway) have heen analyzed, in the left panel, for their ability to respond ^ to the 
CH2-CH3 vaccine and, in the right panel, against human IgG (as control). The 
vaccine used is the CH2-CH3 of the rat, which in the rat entirely corresponds to 
the human vaccine. These rats have only been vaccinated twice; to begin wrth one 
vaccination with Freund's complete adjuvant and protein solution and then a 

10 second vaccination three weeks later with the same protein solution in Freund 
incomplete adjuvant. One week after the second vaccination blood samples were 
taken from the rats. The content of anti-IgE antibodies in the blood was then 
determined by ELISA assay. As can he seen clearly from the Figure, three of the 
strains respond very well to the vaccine while the fourth strain is a so-called 

15 Wresponder" which is not so unusual when using, as m this case, congemc 
strains. By this is meant that this very rat strain cannot present this antogen for 
the immune system and that, therefore, it would be necessary to use another 
heterologouscarrierprotemmthisratstraininordertoobtainthedes.redeffect 

of the allergy vaccine. 

20 As can be seen from these initial ELISA measurements a very strong 

immune response is obtained against only two domains of the rat IgE, wh:ch has 
to be compared with the only slightly stronger reaction obtained agamst the 
human IgG which, in addition, has a size corresponding to four domains. These 
rats, showing very high anti-IgE titers, do not show any negative symptoms 

25 whatsoever. In practice they cannot, by any criteria, be distinguished from the 
rats having been immunized only with pure PBS in Freund's adjuvant (the 
controls, marked "blank" in Figure 1). 

Immunization of rat - suppression of an IgE-mediated 
3Q inflammatory reaction 

Studies aimed at assessing the ability of the vaccine of the invention to 
suppressastronglgE-mediated inflammatory reaction have also been performed. 
As an assay system use has been made of the fact that anti-IgE antibotas have 
an ability to cross-link IgE antibodies bound to mast cells of the skin and to 
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induce, by their ability to cross-link these IgE molecules, a potent granula release 
and thereby provoke a strong inflammatory reaction on the place there the 
antibodies have been injected tin this case the skin). In this example use has been 
made of a polyclonal anti-IgE antiserum directed against the entire constant 
5 region of IgE. Therefore, this serum should contain large amounts of cross- 
linking antibodies which is also confirmed by the results. The strength of the 
' inflammation is then measured by means of a colour reaction. The permeability 
and accordingly the leakage from the blood of different blood proteins increased 
strongly in the region where the inflammation has been provoked. The stronger 
10 the inflammation is, the larger blue zone is obtained if one injects a 1% Evans 
. Blue solution into the blood of the test rats two hours before reading the size of 
the blue zone underneath the skin of the test animals. The test, which is shown 
schematically in Figure 2, was performed in such a way that four injections of 
each 50 pi of a concentrated solution of a polyclonal anti-IgE antiserum were 
15 made under the skin of a vaccinated rat and a blank-immunized rat two hours 
before removal of the skin and measurement of the inflammation zones. As 
control injections were made of IgE + anti-IgE on one spot per rat and of only 
PBS on one spot. Two typical examples of these rats are shown m the Figure, 
where one of the rats was immunized with CH2-CH3 vaccine in Freund's ad>- 
20 vant and the other control rat was immunized with PBS in Freund's adjuvant. 
The zones of the IgE + anti-IgE controls have a very similar size for the two rats 
whereas the zones for injections with only anti-IgE antibodies have been reduced 
to nearly zero for the vaccinated rat. Anti-IgE antibodies solely invoked strong 
blue zones for the blank-immunized rat (as control). This shows that the vaccmat- 
25 ed rat probably completely lacks IgE antibodies on the surface of its mast cells, 
which is in complete agreement with the result to be expected from the immuni- 
zations, where in these rats high concentrations of endogenous anti-IgE ant.bod.es 
have been found. However, they do not lack mast cells since it is possible to retain 

a normal blue zone by adding exogenous IgE together with the anti-IgE antibodies 
30 and thereby again bind the mast cell receptors onto these mast cells which 

probably originally were free from IgE. 

At present work is performed with very promising results in a new rat 

model where, to begin with, a very strong IgE response is invoked in Wistar rats 

which respond well to the rat vaccine according to the invention (cf. Figure 1). 
35 Immunization of the rats is performed with a specific antigen which in this case 

is ovalbumin together with the »xin Kcin, according to a newly developed 
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protocol by Dr. Kemeny (Diaz-Sanchez and Kemeny. ™*"»" f££ 
Lets these rats obtain a very strong IgE response to ovalbumin and, fa** 

very good results with this protocol. A number of rats has been «^/**» 
5 Zl to give rise to a strong inflammatory reaction in the skin after uyectron of 
5 To a-^on containing 5 mg/ml of ovalbumin. This has given btae zone 

Ss type of rat, are today used to study the possibility of blocks allergy 
ZJL in the skin and then to study the effects on bronchocontricfcons and 
nther tvoical allergy-related symptoms. 

Sv^Lw, in four points, a summary of the essential differences 

between the present invention and the prior art. 

! The invention focuses solely on the domains of the IgE molecule winch are 
directly involved in the interaction with the IgE receptor and not, as in prevmus 
studies, on regions in the non-receptor-interacting CX-domarn. 

2 The vaccine of the invention contains species-speafic proton fragments 
coupled to one or more heterologous carriers, which makes it possible * mount 
. strong autoimmune response, in contrast to earlier studies, where use has been 
^flpsaon peptides fromanother species than the one in which the coupled 

peptide is injected, i.e. human peptides in mouse, rat or rabbrt. 

3 Contrary to the monoclonal projects going on m several laboratory 
hroughout Zworld the invention is based upon the generation of a polyclona 

" response to a species-specific pro**, which considerably mcreases *e 

Implications, leading to life-threatening inflammatory reactions, vnll most 

^ mJsfmiortant difference is that, according to *e invent use is 
rnade of entire domains or structurally stable parts thereof (having more than 13 
Trlto acids) as vaccine. Thereby there is obtained a strong polyclonal response 

1'property ofa vaccine of this type (also shown,. This is 
few weeks immunization, Which means a very great progress compared to the 
previous approaches made in the art with short synthetic peptmes. 
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CLAIMS 

L vaccineaimedatalleviatingthesympwmsoforpreventingtheinducuon 
of IgE-mediated allergic reactions in a mammal, „ nnen , e „f 

D— S T IZ 12 amino acids, in its original or in a mutated or 



10 



2 Vaccine according to claim 1, 

characterized in that the amino acid sequence or the structurally stable urn 
"in its original oraslightly mutated form, the protein W coupled to 



one or 



15 



25 



more heterologous carrier proteins. 



3 Vaccine according to claim 1, 

characterized in that the amino acid sequence or the structurally stable urnt 
thereof is in a strongly mutated or multimerized form. 

from human IgE. 
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«5 Vaccine according to claims 2 or 4, _ ■ 
LralLzed in that the coupled proton is a fusion protem produced by 
recombinant DNA technology in a procaryotic or eucaryobc host. 

6 Vaccine according to claim 5, „„„„,:,. 
host, preferably the bacterium Es^erich^oh. 

7 The use of the entire amino acid sequence of the constant CH2-CH3 
domains of the epsilon chain of the IgE molecule from a mammal spec.es or a 
domains ot P ^ containing morc than 12 

^SmtoSa^amutatedor multimerized & rm, for the prepara- 
rJf a !S£ ^"ted allergic reactions in the mammal spaces 
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in question. 

8. The use according to claim 7 of the amino acid sequence from human IgE 
for the preparation of a vaccine for human use. 

9. A process for the preparation of a vaccine according to claim 2, 

5 • characterized by cloning the cDNA sequence for the amino acid sequence of the 
entire CH2-CH3 domain of the IgE epsilon chain or a structurally stable unit 
thereof, ligating the same into a suitable vector, transforming the vector into an 
eucaryotic or procaryotic host cell for production of a fusion protein, containing 
the entire CH2-CH3 domain or a structurally stable unit thereof, and purifying 
10 and optionally isolating the fusion protein obtained as well as optionally mixing 
the same with a suitable adjuvant. 

10. The process according to claim 9, 

characterized by using, as a host for the transformation of the vector, a 
bacterium strain, prpfpmhlv Escherichia coli . 

15 11. A method for immunization of a mammal against IgE-mediated allergic 
reactions, 

characterized by injecting into the mammal in question a vaccine according to 
any of claims 1-6, repeated injections being made at certain intervals to provoke 
a strong immune response and optionally further injections being made preceding 
20 a period of high potential for an allergy reaction. 
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